Abstract. Currently a great number of organizations are acquiring products and services from suppliers and developing less and less of these products in-house. The CMMI-ACQ and the ISO/IEC 12207:2008 are process reference model that addressing issue related to software acquisition. With the aim of to offer information on how the practices described in these two models are related, and considering that the comparison is one specific strategy for the harmonization of models, we have carried out a comparison of these two reference models. We have taken into account the latest versions of the models. Furthermore, to carry out this comparison in a way systematic, we defined a process for this purpose. This work intends to support organizations which are interested in introducing or improving their practices for acquisition of products and services using these models.
Introduction
Software process improvement is a planned, managed and controlled effort which aims to enhance the capability of the software development processes of an organization [1] . It is significant to highlight that in a software process improvement effort different types of models are involved. These include the process reference model, the process assessment method and the model that guides the process improvement [2] . According to [3] the purpose of the process reference models is to provide the description of the processes (and their entities) that can be applied during the acquisition, supply, development, operation and maintenance of software. These models describe best practices which should be taken into account by organizations in the acquisition, supply, development, operation and maintenance of software. Now more than ever, many organizations are increasingly becoming interested in the activities of software acquisition [4] . Currently, a great number of organizations
Related Work
Literature presents some works that involve comparisons and mapping between different processes models. Among these, those related to CMMI V1.1 and ISO 9001 are:
• In [8] a mapping between two models is described.
• In [9] a new model that integrates the content of these two models is introduced.
• In [10] a way for the transition from ISO 9001 to SW-CMM is defined.
• In [11] a comparison and a correspondence between ISO 9001 and SW-CMM are shown.
In the same sense, the following studies regarding the integration of specific assessment frameworks have been conducted:
• An analysis and comparison of ISO/IEC 15504:2004 and CMMI V1.1 for software process assessment is presented in [12] .
• An analysis of compatibility between SPICE and CMM is given in [13] .
• In [3] the harmonization of CMMI V1.1 and ISO/IEC TR 15504-2:2002 is presented.
• In [14] and [15] a definition of compatibility structures and comparison between CMMI and SPICE is described. The works that deal with the standards ISO/IEC 15504-2:2004 involve ISO/IEC 12207:2002 directly, because this latter standard is suggested by ISO/IEC 15504 as a process reference model.
As it can be seen from the work presented above, the most used models in mapping and comparisons are: ISO 9001, ISO/IEC 15504:2004 and CMMI V1.1. However, in none of these comparisons the latest versions of these models are involved. Moreover, from the analysis of these studies we have found that the process entities involved in the comparisons or mappings are of high level abstraction (as examples, objectives, outcomes or statements).
We have carried out a comparison between the last versions of models: ISO/IEC 12207:2008 [6] and CMMI-ACQ V1.2: 2007 [5] . For the development of our comparison we have followed an well defined process, which we also used for other comparisons that we have carried out (ISO 9001 to CMMI-DEV, and ISO 12207 to CMMI-DEV [16] ). We might add that the entities involved in the process of comparison and subsequent mapping are: (i) activities and tasks for ISO/IEC 12207 and (ii) specific practices for CMMI-ACQ. These process entities are of low level abstraction in the description of the processes or process areas. A comparison at this abstraction level provides information about what activities and tasks outlined in ISO/IEC 12207 give support to specific practices of CMMI-ACQ. Furthermore, an analysis at this abstraction level can give directions about how a model previously implemented in the organization (ISO 12207) can meet part of the requirements to establish a new model (CMMI-ACQ). This could reduce the effort and costs associated with the implementation of a new model, with reference to a model already used in the organization.
General Considerations
After an analysis of the different related pieces of work mentioned in the previous section, we have observed a constant relationship between some models of the SEI and ISO. Table 1 shows a high-level relationship extracted from the structures of these models and their comparisons. 
15504-2 Process Attribute
Institutionalization of the capability of the process
As it arises from the table, the process areas of CMMI-DEV and CMMI-ACQ models are closely related to the process reference models described in ISO/IEC 15504-5 [17] and ISO/IEC 12207 [6, 18] . Furthermore, generic goals and practices of CMMI-DEV and CMMI-ACQ models are closely related to the process attributes described in the ISO/IEC 15504-2 standard [19] .
Based on the relationship offered in Table 1 , the comparison between CMMI-ACQ and ISO 12207:2008 must be carried out at the level of process performance, in other words this comparison doesn't involve goals and generic practices.
There follows a description of activities carried out to perform the comparison between these two models. These activities are related to the process that we have defined for the comparison of models. The purpose of this process is to provide a guide with which to perform the comparison and mapping of different models stepby-step. This process defines two roles: the performers and the reviewers of the comparison, along with five tasks: (i) understanding models, (ii) designing the comparison, (iii) carrying out the comparison, (iv) overview of comparison outcomes, and (v) analyzing the comparison outcomes. This comparison process is part of a methodology of harmonization and integration which we are currently developing.
Understanding Models
This task involves: (i) acquiring knowledge about the models to compare and (ii) analyzing the structure of these models. In this sense, a description of CMMI-ACQ and ISO/IEC 12207 is described in the next lines.
According to [5] the purpose of CMMI-ACQ is to provide guidance for the application of CMMI best practices by the acquirer. Best practices in the model focus on activities for initiating and managing the acquisition of products and services that meet the needs of the customer. Although suppliers may provide artefacts which are useful to the processes addressed in CMMI-ACQ, the focus of the model is on the processes of the acquirer. CMMI-ACQ integrates bodies of knowledge that are essential for an acquirer. It is a collection of best practices that is generated from the CMMI Framework, which is the basic structure that organizes CMMI components and combines them into CMMI constellations and models. Also in the framework is a CMMI model foundation (CMF) which exists within the CMMI Framework, and it is a skeleton model that contains each of the components that must be included in every CMMI model [20] .
As regards the CMMI-ACQ's structure, it contains two main sections in its description: (i) generic goals and practices, and (ii) process areas. Each process area is defined in terms of the process entities: purpose, specific goals (required component), specific practices (expected component). A required component describes what an organization must achieve to satisfy a process area, and an expected component describes what an organization may implement to achieve a required component.
On the other hand, according to [6] the purpose of ISO/IEC 12207 standard (Systems and software engineering -Software life cycle processes) is to provide a defined set of processes to facilitate communication among acquirers, suppliers and other stakeholders in the life cycle of a software product.
With respect to the ISO/IEC 12207's structure, the processes are grouped in process groups, and each process is described in terms of the process entities: purpose, outcomes, activities and tasks. The purpose and outcomes are a statement of the goals of the performance of each process. The list of activities and tasks are performed to achieve the outcomes.
Designing and Carrying out the Comparison
This task involves: (i) fixing the process entities to be compared, based on the research needs, (ii) defining the comparison scale, and (iii) fixing the directionality of the comparison.
This comparison should find activities which ISO/IEC 12207 and CMMI-ACQ have in common, in order to define goals for a measurement plan using the Multiview Framework [21] . To apply the Multiview Framework, the comparison should be done at the level of: (i) the entity-specific practices for CMMI-ACQ and (ii) the entity activity and tasks for ISO/IEC 12207. These entities describe specific practice or activities that should be executed to obtain the intended product or service. Carrying out the comparison using these entities allows identifying common activities found (from now on called specific activities) in both CMMI-ACQ and ISO/IEC 12207. The above-mentioned specific activities can not be found using entities as purpose, outcomes or generic goals.
In order to express the degree of relationship between a Process from ISO/IEC 12207 and a Process area from CMMI-ACQ, we have defined a discrete scale (scale of comparison). Each of the elements of the scale has been associated with a set of numeric values which are described in terms of percentage. This scale is made up of the following elements:
• Strongly related (86% to 100%), • Largely related (51% to 85%), • Partially related (16% to 50%), • Weakly related (1% to 15%), and • Non-related (0%).
The numeric values can be found by dividing the number of specific practices (from a Process area of CMMI) that are related to activities (from a process of ISO/IEC 15504) by the total number of specific practices defined in that Process area.
When a comparison involves process entities of low level abstraction it is relevant to define the direction of the comparison (see a discusion of this issue in section 4.3). The direction of this comparison is from ISO/IEC 12207 to CMMI-ACQ.
We have carried out the comparison by means of an iterative and incremental procedure. It is iterative, because the execution (analyze and determine the relationship of the process entities of ISO/IEC 12207 and CMMI) of the comparison is carried out completely on one CMMI process area first, and then on the others in turn. It is also incremental in the sense that the template comparison (which is the product) grows and evolves with each iteration until it becomes the definitive one. The roles were assigned, two people as performers of the comparison and two reviewers.
Comparison Overview
Based on the general considerations of the comparison described in the previous section, the degree of support of the CMMI process areas from the ISO 12007 process is presented in Table 2 . We shall now go on to present a discussion and consideration of several issues arisen during this work this work, such as: an analysis of the specific issues of acquisition in both models and the lessons learned.
The Acquisition in both Models
The purpose of CMMI-ACQ is to provide guidance for the application of CMMI best practices by the acquirer [5] . This model shows a viewpoint from the side of the acquirer, so the focus of the model is on the processes of the acquirer. Supplier activities are not addressed in this model. It was very important to keep this perspective constantly in mind.
CMMI-ACQ contains 22 process areas. Of those, 16 are CMMI Model Foundation (CMF) process areas. Six process areas focus on practices which are specific to acquisition of both products and services, addressing:
• Acquisition verification (AVER), and • Solicitation and supplier agreement development (SSAD).
An analysis about the Agreement process group (labelled number 6.1 in the standard) has been carried out. This process group defines the activities necessary to establish an agreement between two organizations, and it defines two processes: Acquisition and Supply. The purpose of the Acquisition Process is to obtain the product and/or service that satisfies/satisfy the need expressed by the acquirer. The purpose of the Supply Process is to provide a product or service to the acquirer that meets the agreed requirements [6] .
On analyzing the description of the Supply Process, a viewpoint from the supplier is observed. This perspective is opposite to that described by the CMMI-ACQ. Taking into account this consideration, it is observed that the Process Supply is not related to the six process areas which focus on practices specific to acquisition as described by CMMI-ACQ.
Based on the comparison carried out and the description of the Acquisition process from ISO/IEC 12207 standard, a relationship between these processes is shown in Fig. 1 . The goal is to offer an overview to the acquirer of which processes are involved in the acquisition. Table 3 shows a summary of the comparison carried out between the six specific process areas of CMMI-AQC for the acquisition and the processes related to the Agreement processes of ISO 12207. The degree of relationship presented between process areas and process is only described in the direction from ISO 12207 to CMMI. In others word, how the activities of processes of ISO 12207 support the fulfilment of the specific practices of CMMI-ACQ. In Table 4 an example of a detailed comparison between activities and tasks of a process from ISO/IEC 12207 and the Agreement Management process area from CMMI-ACQ is shown. 
Detail View for Acquisition

CMMI-ACQ AM ARD ATM SSAD AVAL AVER ISO 12207
Acquisition process S 100% L 63% P 20% L 56% Software Review Process P 20% P 38% Software Audit Process P 25% P 20% Stakeholder Req. Definition Process P 50% W 11% System Req. Analysis Process P 25% Validation Process L 80% Verification Process P 50% Degree of relation GENERAL S 100% L 75% P 20% L 66% L 80% S 88% For each process of ISO/IEC 12207 and process areas of CMMI-ACQ that have some relationship, we have defined a detailed chart like Table 4 .
In summary, there are 39 specific practices in 6 process areas (Agreement management -AM, Acquisition requirements development -ARD, Acquisition technical management -ATM, Acquisition validation -AVAL, Acquisition verification -AVER and Solicitation and supplier agreement development -SSAD) of CMMI-ACQ, of which 28 specific practices are related to one or more tasks or activities of ISO 12207. So the degree of general relationship is 72% (28/39).
The specific practices that are not supported by the activities from ISO 12207 are: 
Lessons Learned
In a comparison at low level abstraction, the degree of relation, between a Process from ISO/IEC 12207 and a Process area from CMMI-ACQ, depends on the direction of the relationship. In others words, this relationship is not bi-directional. For instance, Table 4 shows the next degree of relationship:
• Direction from ISO 12207 to CMMI: The degree of relation is 100% (S) (Fulfilment 4 of 4 Specific Practices). As shown in the chart: 3 activities of this process of ISO 12207 meet 4 specific practices of the 4 that this process area of CMMI-ACQ has defined.
• Direction from CMMI to ISO 12007: The degree of relation is 43% (P) (Fulfilment of 3 out of 7 Activities). As shown in chart 4, specific practices of this process area meet 3 activities of the 7 that this process of ISO 12207 has defined. With the early detailed comparisons between a process and a process area, an analysis of the degrees of relationship in the comparison was conducted. According to this analysis, we conclude that this degree is not always possible to establish in both directions. In some cases, in a given direction it loses meaning. An example is shown in Table 5 . In this table it does not make sense to establish a degree of relationship in the direction from CMMI to ISO 12007, because it is not correct to say that the Software Audit Process has 100% of fulfilment if only the specific practices SP 1.3 of ATM process area have been carried out. In these cases this row is labelled as Not Applicable. Regarding to the comparison process, to follow an iterative and incremental procedure to perform the comparison brought some advantages, for example:
• The performing of the comparison starts with a process area, to reduce the complexity and scope of each iteration.
• Each iteration of comparison is short and provides feedback for the next iteration.
• There is an integration of the results of each iteration into the comparison final report.
• With the design of the comparison the iterations can be carried out both independently and in parallel.
• The complexity of each iteration is easier to manage.
Conclusions
In this work we have presented a comparison between two reference models: CMMI-ACQ and ISO/IEC 12207:2008. To carry out this comparison in a way systematic, we defined a process for this purpose. To follow this process has helped us to organize and manage the work performed for comparison, with the aim of reduce the two types of error in the comparisons described by Yoo in [9] . For increase the reliability of results, this process proposes using pair review by the performers of the comparison in the task carrying out the comparison, furthermore the reviewer of the comparison validates the result and it resolves the divergences of the performers.
Taking into account the activities and tasks described by the processes of ISO/IEC 12207 for Acquisition and their relationship with six process areas focus on practices which are specific to acquisition of CMMI-ACQ, we can observed that there is a suitable support level to the process areas: Agreement Management, Acquisition Verification, Acquisition Validation, Acquisition Requirements Development and even to the process area of Solicitation and Supplier Agreement Development. However it is low the support level to the Acquisition Technical Management.
We will use specific activities for the definition of goals for a measurement plan in a software enterprise following the Multiview Framework. On the other hand, currently we are working in the definition of a methodology to offer to companies a strategy to harmonization and integration of process entities described by different reference models. The comparison process described in this paper is a component of this methodology of harmonization and integration.
